Several parameters of preoperative complete blood count (CBC) and inflammation-associated blood cell markers derived from them have been reported to correlate with prognosis in patients with epithelial ovarian cancer (EOC), but their prognostic importance and optimal cutoffs are still needed be elucidated. Clinic/pathological parameters, 5-year follow-up data and preoperative CBC parameters were obtained retrospectively in 654 EOC patients underwent primary surgery at Mayo Clinic. Cutoffs for neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-tolymphocyte ratio (MLR) were optimized by receiver operating characteristic (ROC) curve. Prognostic significance for overall survival (OS) and recurrence free survival (RFS) were determined by Cox proportional hazards models and Kaplan-Meier method. Associations of RDW and NLR with clinic/ pathological parameters were analyzed using non-parametric tests. RDW with cutoff 14.5 and NLR with cutoff 5.25 had independent prognostic significance for OS, while combined RDW and NLR scores stratified patients into low (RDW-low and NLR-low), intermediate (RDW-high or NLR-high) and high risk (RDW-high and NLR-high) groups, especially in patients with high-grade serous ovarian cancer (HGSOC). Moreover, high NLR was associated with poor RFS as well. Elevated RDW was strongly associated with age, whereas high NLR was strongly associated with stage, preoperative CA125 level and ascites at surgery.
inflammation in carcinogenesis and tumor progression 18, 19 , several serum parameters as markers of systemic inflammation, ranging from neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), to monocyte-to-lymphocyte ratio (MLR), have been revealed to possess potential to predict survival in a variety of human cancers [20] [21] [22] [23] , including EOC [24] [25] [26] [27] . Quite recently, some other inflammation-associated blood cell markers, such as red cell distribution width (RDW), have also been shown to associate with survival of solid tumors 28, 29 , but have never been studied in EOC. Thus, the aim of the current study was to investigate simultaneously the impact of preoperative CBC parameters and inflammation-associated blood cell markers on survival of a large cohort of EOC patients with 5-year follow-up data.
Results
Patient characteristics. Patient characteristics are outlined in Table 1 . A total of 654 patients with EOC were included in the present study. Median age at diagnosis was 63 years (range . Most patients (533, 81.5%) was of advanced stage (stage III or IV) and underwent cytoreductive surgery, followed by platinum and taxane-based chemotherapy. There were 482 (73.7%) patients with cancer originated from ovary (excluded fallopian tube cancer and primary peritoneal cancer) and among them, 355 (73.7%) were with high-grade serous ovarian cancer (HGSOC), the most common and lethal subtypes of EOC 30 . Median follow-up time for the current cohort was 49.5 months (range 0.1-175.3).
Prognostic significance of preoperative CBC parameters and cut-off determination. To elucidate the prognostic significance of preoperative CBC parameters and inflammation-associated blood cell markers, univariate Cox proportional hazards analyses were performed on continuous data (Supplementary Table 1) . Platelet, leukocyte, erythrocyte, neutrophils and lymphocyte counts, along with hemoglobin and hematocrit are significantly associated with OS, while platelet, neutrophils and lymphocyte counts are associated with RFS. Analyses also revealed elevated RDW, PLR, NLR and MLR are associated with both poor OS and RFS. However, no association between monocyte, basophil or eosinophil counts and survival were found.
Cutoff RDW and NLR have independent prognostic significance. Univariate Cox proportional hazards analyses also revealed age at diagnosis (stratified into four groups according to interquartile range), origin of cancer (EOC, fallopian tube cancer (FTC), and primary peritoneal cancer (PPC)), stage, histology, grade, preoperative CA125 level (≥35 vs <35 U/ml, P < 0.001), ascites at surgery (yes vs no, P < 0.001) and residual disease were significantly associated with OS (Table 2) , while all except age were significantly associated with RFS (Supplemental Table 2 ). We then included those clinical/pathological parameters except preoperative CA125 and ascites at surgery because of a large amount of missing values, into subsequent multivariate Cox proportional hazards models.
Kaplan-Meier analysis and log-rank test demonstrated that high preoperative RDW, NLR, PLR and MLR significantly predicted poorer OS both in all EOC patients (including FTC and PPC, Fig. 1A to D) and in HGSOC patients ( Fig. 2A to D) . Patients with different combination of RDW and NLR according to their dichotomized values had extra prognostic values both in all EOC patients (including FTC and PPC, Fig. 1E ) and in HGSOC patients (Fig. 2E) . We then combined RDW+NLR by stratifying patients into three, rather than four groups for more distinctive patients' stratification and easier clinical usage 33, 34 as: (1) RDW-low and NLR-low; (2) RDW-high or NLR-high; and (3) RDW-high and NLR-high. The simplest and most effective way succeeded in identifying low, intermediate and high risk groups, especially in HGSOC patients, with estimated cumulative 5-year OS rates of 58.4%, 31.4% and 24.4%, respectively (Fig. 2F) , as well as 53.8%, 34.5% and 35.7%, respectively, in all EOC patients (Fig. 1F) . So, we used three groups strategy rather than four groups to summarize combined RDW+NLR in the following analyses.
Given that NLR, PLR and MLR were strongly correlated with each other (Spearman's rho coefficients of 0.425 (NLR vs PLR), 0.511 (NLR vs MLR) and 0.514 (PLR vs MLR; all P < 0.001), and all of them were derived from CBC parameters such as platelet, neutrophils, monocyte and lymphocyte counts, all CBC parameters and inflammation-associated blood cell markers that had significantly impact on survival in univariate Cox proportional hazards analyses (P < 0.05) were adjusted separately in multivariable Cox proportional hazards models included (1) age at diagnosis, origin of cancer, stage, histology, grade and residual disease for OS in all EOC patients (Table 2); (2) age at diagnosis, stage and residual disease for OS in HGSOC patients (Table 3) ; and (3) origin of cancer, stage, histology, grade and residual disease for RFS in all EOC patients (Supplemental Table 2 ). RDW, NLR and combined RDW+NLR were then revealed as independent prognostic factors for OS both in all EOC patients and in HGSOC patients, while more highly significant in HGSOC patients (except for RDW in HGSOC patients, P = 0.064). However, no association between other CBC parameters and inflammation-associated blood cell markers with OS was identified by multivariate Cox proportional hazards analyses. On the contrary, only NLR had independent prognostic value for RFS both in all EOC patients (Supplemental Fig. 1A ) and in HGSOC patients (Supplemental Fig. 1B) .
Associations of RDW and NLR with other clinic/pathological parameters. Finally, associations of RDW and NLR with other clinic/pathological parameters were investigated ( was significantly associated with age (<0.001) and significantly elevated in patients aged ≥72 years compared with those aged <55 years, NLR was significantly associated with features of high tumor burden, such as stage (P = 0.006), preoperative CA125 level (P = 0.001) and ascites at surgery (P < 0.001).
Discussion
Here is the first study to investigate the prognostic value of preoperative RDW in EOC, and the largest study to investigate the prognostic role of preoperative CBC parameters and inflammation-associated blood cell markers including NLR, PLR and MLR in patients with EOC, especially in patients with HGSOC. We revealed that elevated preoperative RDW and NLR predict poor OS in patients with EOC, and combined high RDW+NLR provides additional patient stratification, especially in patients with HGSOC. On the contrary, only high NLR predicts poor RFS in EOC and HGSOC. Inflammation has been recognized as one of the hallmarks of nearly all human cancers 35 . Tumor-related inflammatory microenvironment could facilitate tumor growth and metastasis by sustaining proliferation, inhibiting apoptosis, inducing epithelial-to-mesenchymal transition (EMT), initiating angiogenesis, and suppressing host-anti-tumor immunity 18, 19 . For EOC, epidemiological studies revealed pelvic inflammatory diseases might Abbreviations: RDW = red blood cell distribution width; NLR = neutrophil-to-lymphocyte ratio; PLR = plateletto-lymphocyte ratio; MLR = monocyte-to-lymphocyte ratio; HR = hazard ratio; CI = confidence interval.
Scientific RepoRts | 7:43001 | DOI: 10.1038/srep43001 increase risk 36 , while inflammation caused by incessant ovulation remains one of the well-accepted hypotheses of EOC carcinogenesis 37 . However, the biologic mechanisms underlying the correlation between NLR, PLR, MLR, systemic inflammation and tumorigenesis in EOC remains poorly understood. In fact, intratumoral neutrophils had been shown to be associated with unfavorable survival in many human cancers ranging from hepatocellular carcinoma, gastric carcinoma, colorectal cancer, to non-small-cell lung cancer and renal cell carcinoma 38 . Cancer cells facilitate recruitment of tumor-associated neutrophils (TANs) by expressing various of chemokines and cytokines, including CXCL5, CXCL6, and CXCL8 39 , along with ligands that recognize receptors such as CXCR2 expressed by TANs 40 . TANs recruited by tumor then release pro-growth and pro-invasion factors including hepatocyte growth factor (HGF), reactive oxygen species (ROS), reactive nitrogen species (RNS), N = 654) . Kaplan-Meier overall survival (OS) curves with log-rank P-values for patients stratified using red blood cell distribution width (RDW) cutoff of 14.15 (A), neutrophil-to-lymphocyte ratio (NLR) cutoff of 5.25 (B), platelet-to-lymphocyte ratio (PLR) cutoff of 242.9 (C), monocyte-to-lymphocyte ratio (MLR) cutoff of 0.45 (D) and combined RDW + NLR (four groups, E; three groups, F) with cutoffs defined above. neutrophil elastase (NE), neutrophil collagenase (MMP8), and gelatinase B (MMP9). In addition, TANs also release cytokines like Oncostatin M, which induce VEGF and then stimulate angiogenesis to support tumor metastasis 41 . On the contrary, lymphocytes, especially CD8+T cells, which represents host anti-tumor immune response, had been recognized as a predictor of favorable survival in a variety of human cancers 42 , including EOC 43 . However, neutrophils recruited by tumor could interact with CD8+T cells to counteract their protective effect that result in procancer immunosuppressive microenvironment 41 . That may explain, why high preoperative NLR, in terms of more neutrophils and less lymphocytes, was significantly associated with features of high tumor burden, including stage (P = 0.006), preoperative CA125 level (P = 0.001) and ascites at surgery (P < 0.001), and predicted both poor RFS and OS in EOC patients in the current study. Quite recently, two independent studies conducted in colorectal cancer added evidence to the hypothesis mentioned above. Chen, Z. N = 355) . Kaplan-Meier overall survival (OS) curves with log-rank P-values for patients stratified using red blood cell distribution width (RDW) cutoff of 14.15 (A), neutrophil-to-lymphocyte ratio (NLR) cutoff of 5.25 (B), platelet-to-lymphocyte ratio (PLR) cutoff of 242.9 (C), monocyte-to-lymphocyte ratio (MLR) cutoff of 0.45 (D) and combined RDW+NLR (four groups, E; three groups, F) with cutoffs defined above.
Y. et al. indicated NLR > 5 was associated with poor prognosis in metastatic colorectal cancer and high NLR was correlated with increased expression of inflammatory cytokines such as interleukin 6 (IL-6), IL-8, IL-2Ra, HGF, macrophage-colony stimulating factor (M-CSF), and vascular epidermal growth factor (VEGF) 44 . Pine, J. K. and colleagues found NLR ≥ 5 predicted lower overall survival and greater disease recurrence while lower NLR was associated with pronounced lymphocytic reaction at the invasive margin (IM) in colorectal cancer tissues 45 . Those results inspired us to further study the cytokines profile and tumor associated local lymphocytic response in this EOC cohort to better understand the possible mechanism behind preoperative high NLR as a risk factor predicting poor prognosis in EOC patients.
Previous studies in EOC 26, 27, 31, 46 and many other human cancers 22 established NLR's role in predicting survival, but the wide range of NLR cutoff from 1.9 to 5.0 20 limited its usage in clinical field. This study employed ROC curve analysis to optimize cutoff for NLR as 5.25, which succeeded in stratifying 654 EOC patients independently into two distinctive survival groups both for RFS (P = 0.026, HR = 1.331, 95% CI = 1.035-1.712, multivariate) and OS (P = 0.002, HR = 1.391, 95% CI = 1.133-1.708). While studies in independent cohort to determine the optimized cutoffs for NLR in EOC are still warranted.
Also known as erythrocytes, red blood cells (RBCs) are the most common type of blood cells 47 . Red cell distribution width (RDW) indicates the size variation of RBCs, and is calculated by dividing the mean corpuscular volume (MCV) by the standard deviation (SD) of the RBC and then multiplied for 100, to express data as a percentage 48 . Traditionally, RDW is used in laboratory hematology for differential diagnosis of anemias 49 , while quite recently, growing evidence indicated that high RDW is associated with systematic inflammation 49 and elevated RDW harbored the potential to predict poor survival in a variety of human cancers, consisting of breast Table 3 . Overall survival of high-grade serous ovarian cancer patients stratified according to RDW, NLR, PLR and MLR cut-offs, together with other prognostic parameters (N = 355). Univariate and multivariate analysis performed using Cox proportional hazards models. RDW, NLR, PLR, MLR, and combined RDW+NLR were adjusted separately in models that included age at diagnosis, stage and residual disease. Preoperative CA125 level and ascites at surgery were excluded because of missing values (16.3% and 18.3%, respectively). Results from multivariate model which included combined RDW+NLR score are indicated in bold. Abbreviations: RDW = red blood cell distribution width; NLR = neutrophil-to-lymphocyte ratio; PLR = plateletto-lymphocyte ratio; MLR = monocyte-to-lymphocyte ratio; HR = hazard ratio; CI = confidence interval. 58 . In the present study, we demonstrated, for the first time, that preoperative RDW, with cutoff 14.15 determined by ROC curve, acts as a risk factor for shorten OS in patients with EOC. Moreover, combined high RDW+NLR provides additional patient stratification, especially in patients with HGSOC (estimated cumulative 5-year OS rates of 58.4%, 31.4% and 24.4%, respectively), even though RDW itself lost impact on OS in multivariate model in HGSOC patients (P = 0.064). Given that 81.5% patients underwent adjuvant platinum and taxane-based chemotherapy after surgery, these data suggest that patients with high preoperative RDW and NLR might be potential candidates for clinical trials employing more intensive treatments, including maintain chemotherapy, target therapy and immune therapy to delay recurrence and obtain desirable prognosis. However, RDW's significant association with age (<0.001) in this EOC cohort indicated that RDW may serve as a surrogate for conditions like poor performance/nutrition status and the presence of comorbidities, which needs to be elucidated in studies involving cancer-specific death analyses.
In conclusion, the current study highlights the role of RDW and NLR as additional prognostic factors in EOC patients. These simple, reproducible and inexpensive markers, though need further investigations, may harbor the potential to identify high-risk EOC patients as candidate for more intensive therapies after standard treatment. Categories significant differences between one another following post-hoc Mann-Whitney U-tests with Bonferroni corrections for multiple comparisons. Abbreviations: RDW = red blood cell distribution width; NLR = neutrophil-to-lymphocyte ratio; NA = no data available due to small sample size in that category.
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Material and Methods
Patients and follow-up. Patients who underwent primary surgery for invasive EOC, fallopian tube cancer (FTC), or primary peritoneal cancer (PPC) from 2000 to 2010 at departments of gynecologic surgery at Mayo Clinic in Rochester, MN were recruited. FTC and PPC are less common neoplasms that are managed in a similar manner to epithelial ovarian cancer 3 . The research was approved by the institutional review board (IRB) of Mayo Clinic. All methods were performed in accordance with the relevant guidelines and regulations. Patients provided written informed consent and permission for active follow-up concerning of recurrence and vital status changes. Patients were excluded if they (1) underwent neoadjuvant chemotherapy prior to surgery; (2) underwent prior surgery for their cancer elsewhere; (3) were treated as recurrent disease; (4) had non-epithelial or non-ovarian malignancies; (5) had no preoperative CBC parameters tested by Mayo Clinic in Rochester within 30 days prior to primary surgery or (6) did not consent to the use of their medical records for research purposes. Perioperative CBC parameters were collected retrospectively. Patient cohort identification and data query were supported by our data management and analysis platform named Integrating Biology and the Bedside (i2b2) 59 , an NIH-funded software framework allowing collaborative exchange of data including electronic health records, lab results, genetic and research data. Details of cohort identification and data query will be described in our other publications. Recurrence and vital status were updated every six months using medical records and active follow-up. The end of follow-up was the time of last follow-up (April 2015) or death.
Statistical analysis. Overall survival (OS) was defined as time from diagnosis to death (all causes).
Recurrence free survival (RFS) was defined as time from surgery to the first recurrence, and patients who had persistent disease after primary treatment (surgery alone or surgery and adjuvant chemotherapy) were treated as censored. Cutoff optimization of RDW, NLR, PLR and MLR were performed using the software package Cutoff Finder 33 based on R version 2.15.0 (R Core Team, 2012), and the standard receiver operating characteristic (ROC) curve based on binary outcome (vital status), using Manhattan distance to calculate optimal cut-offs was employed. Univariate and multivariate survival analyses were performed using Cox proportional hazards models. Kaplan-Meier method and corresponding log rank test were used for survival analyses on categorical variables. Correlations between RDW, NLR, PLR and MLR were performed using Spearman's rho test. Associations of RDW and NLR with other categorized clinic/pathological parameters were determined using either Mann-Whitney U-tests or Kruskal-Wallis tests followed by post-hoc pairwise Mann-Whitney U-tests.
All statistical tests were two-sided, and P-values < 0.05 were considered significant. Statistical analysis was performed using IBM SPSS package (Statistical Package for the Social Sciences; Version 22, Armonk, NY).
